CSE6392- Reasoning with Uncertainty Homework 2: Filtering andDecisionMaking

CSE6392- Reasoning with Uncertainty

Homework 2- Fall 2006

DueDate:Nov. 7 2006,7:00pm

Monte Carlo Estimation

1. Youaregiventhefollowing Markov processandobsenration model:
Statespace:S = {1,2,3,4,5,6}

04 06 00 0.0 0.0 0.3
0.3 0.2 0.6 0.0 0.0 0.0
0.0 0.2 0.2 0.1 0.0 0.0
0.0 0.0 0.2 0.2 0.2 0.0
0.0 0.0 00 0.7 0.2 0.3
0.3 0.0 00 0.0 06 04

Transitionprobabilities: P(s|s' ) = T, ., T =

Obsenrations:O = {a, b, c,d}
0.2 00 0.0 0.9 0.0 0.0
0.7 0.1 01 0.1 0.1 0.1
0.1 0.8 0.1 0.0 0.8 0.7
0.0 0.1 0.8 0.0 0.1 0.2

Obsenationprobabilities:P(o|s) = B, 5, B =

a) Shaw threeiterationsof a particlefilter with 15 sampledor thefollowing conditions:
Startstate:sy = 3 (with probability 1)
Obsenred sequencéthefirst obserationis madeafterthefirst time step- i.e. afterthefirst model
update)d, ¢, b, a

b) Usetheresultof your filter to determinean estimatefor the expectedvalueof the propertiesf (s)
andg(s) (interpretingthe numbersepresentingtatesascontinuousvalues)after4 modelsteps.
f(s) = s, g(s) = (s — 8)2, wheres is the expectedvaluefor the statein the givendistribution (i.e.
El[g(s)] is (approximatelythevarianceof thedistribution).

Hidden Markov Models

2. Youaregiventhefollowing HiddenMarkov Modelsfor two differentlybiasedcoins:

Model 1:
Statespace:S; = {s1, sa2}
Obsenrations:0, = {H,T'}

. - 0.3 0.3
Transitionprobabilities: P (s;|s;) = T;;, T =
0.7 0.7
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1.0 0.0
Obsenation probabilities:P; (o|s) = B, s, B = ( 0.0 1.0 )

0.3
Prior probabilities:m; (s) = II,, 1T = ( o7 >

Model 2:
Statespace:Sy = {s1, s2}
Obserations:Oy = {H, T}

. - 0.5 0.5
Transitionprobabilities: Py (s;|s;) = T; j, T = 05 05

10 0.0
Obsenation probabilities: P»(o|s) = B, s, B = ( 0.0 1.0 )

. - 0.5
Prior probabilities:my(s) = I, IT = ( 05 >

e Usethe Forward algorithmto determinewhich of the two modelsbetterdescribesan actualcoin
usedwhich producedhe obserationsequence?, T, H, H, H,T,T,T, H,T,T. List all the o« val-
uesinvolvedin the calculations.

3. Build aHiddenMarkov Modelfor thefollowing (unrealisticallysimplified) problemof detectingoreak-
insin acomputemetwork:

The stateof the network can be either normal or hacled and the only obserable informationis the
averagebandwidthutilization within the network. This informationis provided onceevery 30 minutes
and,basedbn pastdata,it fallsinto 5 groups:a : 0 —5%,b: 5 —15%, c: 15 — 30%, d : 30 — 60%,

ande : 60 — 100%.

Previously measurementweretaken during normaloperationandwhile the network wascompromised
andit wasobseredthatbandwidthusageobsenationsweremadewith thefollowing frequencies:

o NormalNetwork: a : 20% of thetime, b : 30% of thetime, ¢ : 30% of thetime, d : 10% of thetime,
ande : 10% of thetime.

e CompromisedNetwork: «a : 10% of thetime, b : 20% of thetime, ¢ : 40% of thetime, d : 20% of
thetime, ande : 10% of thetime.

Furtherstudyof thesepasteventsalsorevealedthata a break-inin the network is happeningn average
every 5 hoursandlastsfor anaverageof 1.5 hoursbeforetheintruderleaves.

a) Build a Hidden Markov Model that representshe scenariodescribedabore. Assumethat at the
beginning of the obserationsthe network is operatingnormally

b) Giventhefollowing obserationsequence,d,b,c,d,b,c,d,c,d, a, b, taken betweens:00 pm and
12:00am,determingf therewerelikely ary break-insby determininghemostlikely interpretation
(i.e. correspondingtatesequencelisingthe Viterbi algorithm. List theintermediatevalues(é and
) of the Viterbi algorithm!

!Ratherthancomputingall thevaluesby handit might be simplerto write a shortprogramto computethevalues.
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